Abstract: Stem cells are originally divided into two major categories of embryonic stem cells and adult stem cells. Mesenchymal stem cells (MSCs) are of the most important adult stem cells which have attracted the attention of most researchers. MSCs are plastic adherent, spindle shaped cells with mutipotent potency which able to differentiate into osteoblastic, chondrogenic, adipogenic lineages, while recent studies have demonstrated that MSCs are also able to differentiate into other lineages, like neuronal and cardiomyo-genic lineage. They participate in repairing tissues such as bone, cartilage, muscle, tendon and fat. Potency of MSCs along with immunosuppressive properties have make them proper candidate for stem cell based therapy trails. In this study, biology and properties of MScs is described at the end recent clinical application of these cells will be discussed.
Biology of mesenchymal stem cells
Stem cells are originally divided into two major categories of embryonic stem cells and adult stem cells. Mesenchymal stem cells are of the most important adult stem cells which have attracted the attention of most researchers. Mesenchymal stem cells participate in repairing tissues such as bone, cartilage, muscle, tendon and fat. Of course, these cells are considered as supporting cells for hematopoietic cells in bone marrow as well. These cells were obtained for the first time by Friedenstein and Petrakova from rat bone marrow. Bone marrow is the most accessible source which is suggested to use these cells. Although these cells can be isolated from other resources such as liver, blood cell from neonatal (infants), umbilical cord blood, and amniotic fluid, these cells constitute 0.001 to 0.1 percent of population of nucleated human bone marrow cells and are isolated from Iliac Crest [1] and have the capability of being isolated from Femur [2] . It is interesting to know that these cells have capability of being proliferated and increased in the laboratory medium (in-vitro) excellently. Mesenchymal stem cells, which have been recognized as underlying bone marrow and/or mesenchymal progenitor cells, are considered as cells with high proliferation capability and have the potential to differentiate into several types of cells. These cells are called as adult stem cells. In different studies, these cells have been applied with different names. As a matter of fact, all these cells are duly called as mesenchymal stem cells [2] (Table 1) .
Table 1. Examples of various names which have been given to these cells in various studies
Definition Name Bone marrow adhesion cells: including fibroblast-quasi cells, endothelial cells and monocyte and macrophages cells.
Precursor of nonhematopoietic tissue
Colonies of fibroblast cells in the presence of monocyte and macrophages cells CFU Cells which are identified with the property of their adhesiveness to the solid surfaces.
MSCs
Bone marrow adhesion cells which include fibroblast-quasi cells, endothelial cells and colonies of monocyte/macrophages.
Marrow Stromal Cells
Non-hematopoietic cells with mesenchymal origin which is similar to fibroblast cells morphologically. Isolation is conducted based on adhesive property of mesenchymal stem cells (MSCs) to the culture dishes, despite lack of adhesion of hematopoietic cells. In fact, this isolation method has thus far been identified and used as standard method for isolating mesenchymal stem cells (MSCs) [3] .
BMSSCs and/or SPCs
Isolating, identifying and studying specifications of these cells have been carried out excellently in a number of vertebrates such as human, rat, dog, rabbit, sheep, chicken and pig, horse and cow. Colonies of mesenchymal cells are considered as non-uniformity colonies which probably include osteoblast cells and progenitor bone cells, fat cells (adipocytes), fibroblasts, reticular cells, macrophages, endothelial cells and even a partial of blood cells and hematopoietic stem cells as well. So, if these cells, stuck to the dish, showed capability to differentiate into cartilage and bone cells in the laboratory medium, they will be identified as mesenchymal stem cells (MSCs) [4] .
As a matter of fact, human mesenchymal stem cells (MSCs) are of the cells which should meet the following three criteria according to the definition of International Society for Cellular therapy (ISCT).
In normal culture conditions, MSCs should stick to the bottom of container in plastic culture dishes.
MSCs should explain surface CD90, CD73 and CD105 markers and should be negative in explaining hematopoietic indicators particularly CD45, CD34 and other indicators such as CD14 or CD11b, CD79 alpha or CD19 and HLA-DR.
MSCs should be able to differentiate into fat, cartilage and bone cells in vitro conditions [5] .
Mesenchymal cells are culture and developed in cultured mediums containing bovine or human serum. During various passages, these cells reach one homogenous population in terms of adherence to the dish morphologically.
Niche of mesenchymal stem cells
Niche of a cell is microenvironment factors which engulf the cell; niche is called as a multidimensional volume cloud which surrounds the cell. They are important for maintenance and quiescence and regulate cellular survival and proliferation [6] to know which factor constitute niche of the mesenchymal cells is a discussion which make research in this field more attractiveness. Of course, it is obvious that there is a certain niche in the bone marrow which provides survival of hematopoietic cells through releasing numerous factors and establishing adhesiveness conditions for them. It seems that this niche may be constituted from bone progenitor cells [6] .
Stroma and stromal cells provide a physical place for the maturity of blood cells. Stromal and stromal cells have a wide spectrum of secretions and signals from different cells which are required for differentiating and maturation of hematopoietic cells [7] .
Endothelial cells, fat cells, macrophages, reticular cells, fibroblasts and bone progenitor cells, hematopoietic cells are the cells derived from stromal and stromal cells which constitute physical space of bone marrow [8] .
In fact, it is the space which is assumed in the bone marrow for mesenchymal cells. Here, the following question is posed: the very mesenchymal cells are affected by the same niche which is made for hematopoietic cells. Of course, it can be assumed that these two cell groups (mesenchymal and hematopoietic cells) make a special niche with the cooperation and interaction of each other. It should be noted that intracellular and extracellular signals differ from one another completely which receive during their development. So, better identification of this niche provides better culture conditions and also better development of mesenchymal cells in the laboratory medium. Mesenchymal cells can be accessed and are available from various resources other than bone marrow such as Trabecular bones, fat and liver tissues, synovium, skeletal muscles, lungs and milky teeth [9] Warton's Jelly and umbilical cord and Placenta [10] , niche will not be considered as mesenchymal cells merely to the bone marrow and experiences different niches in various tissues. Perhaps, mesenchymal cells may experience identical and equal niches in various parts of the body. Over all understanding of niche's mechanism in self-renewal maintenance will lead to better understanding of stem cell behavior because these mechanisms are key to regulate of homeostasis and contribute to aging and tumorigenesis when altered during adulthood [11, 12] .
Differentiated potential of mesenchymal stem cells
Up to the present time, differentiation of these cells has been shown to the various cells such as osteoblast, chondrocyte, adipocyte, endothelial cells, neural cells, cardiomyocyte cells, hepatocyte cells and pancreatic cells [3, 4, [13] [14] [15] [16] [17] [18] [19] [20] in various types of mammals. So, the terms "Multipotent" and "Pluripotent" are used reciprocally for these cells. As a matter of fact, differentiation is the process, in which, one stem cell shows the ability of being turned into other cellular categories.
The recent studies in cellular transplantations have shown that, mesenchymal stem cells which are able to become the cells derived from mesoderm category, can be turned into the cells with the specifications of ectoderm and endoderm cells in laboratory environment. The said issue indicates existence of phenomenon of conversion and differentiation in mammals cells category. Although some researcher believe that results of these studies can be result of presence of progenitor cells or even cellular attached phenomenon, the studies have shown that these mesenchymal stem cells have been committed to create a series of cell With creating motivations and artificial messages, these cells have the ability of turning into the other cellular categories.
In a study, the potential of differentiation of bone cells, originated from human bone marrow mesenchymal cells to fat and cartilage cells, has been examined. it was observed that mesenchymal cells, which are cultured under specific conditions of being turned into the bone cells, maintain the ability of turning into the fat and bone cells maximum within 30 days so Understanding how pathways mediating the trans-differentiation between osteoblasts and adipocytes are regulated should be of relevance to the development of therapeutic control of bone loss in osteoporosis [21] .
In a study made in mesenchymal stem cells isolated from rat bone marrow, mesenchymal stem cells were first converted into the neural stem cell, with the ability of formation of neuro-sphere, in the laboratory medium under different treatments. Then, created stem cells showed the ability of formation of neurons in the laboratory medium. The mesenchymal cells have capability of being differentiated into the endodermic cells as well. Different studies have been conducted with regard to differentiate bone marrow stem cells of mouse and rat into hepatocyte in the culture environment. But for more interpretation and approval, we always need to study differentiation and activity of cells in the body of living organism. Growth factors and different differentiation have [22, 23] .
In other studies, differentiation of human bone marrow stem cells has been shown in various conditions, using growth factors [24, 25] and or co-culture [26] and also mesenchymal stem cells derived from human fat tissue [27] towards liver cells.
Mesenchymal stem cells showed the ability to differentiate into mesoderm cells in laboratory culture conditions, Makino, et al. showed the differentiation of mesenchymal cells towards cardiomyocyte cells in the laboratory environment, influenced by 5-Azacytidine matter, for the first time. They created cardiomyogeneics cells category from mouse mesenchymal cells [28] .
Other studies showed the ability of differentiation of mesenchymal cells in co-culture conditions with rat cardiomyocyte cells [29, 30] .
In a different study, since using 5-Azacytidine matter cannot be considered as a proper option in subsequent approaches, differentiation of human mesenchymal cells to the cardiomyocyte cells studied in different conditions and in the vicinity of mixture of growth factors and hormones [31] .
The laboratory studies on the potential of differentiation of human mesenchymal stem cells towards cardiomyocyte cells include the studies that have merely studied the influence of 5-Azacytidine matter on the mesenchymal stem cells [28] or have reported the impact of mixture of various factors [31, 32] or have reported the co-culture impact of neonatal cardiomyocytes or even cardiomyocyte cellular categories [21, 30, 33] or co-culture with adult cardiomyocyte cells [34, 35] .
Although molecular and cellular mechanisms of differentiation of mesenchymal cells have not been identified correctly, it seems that commitment of mesenchymal cells to the bone and cartilage cells or fat cells need stating Cbfa-1 and Peroxisome ProliferatorActivated Receptors (PPARy2) molecules respectively and increase towards bone cells, such as alkaline phosphates, osteopontin, osteocalcin and collagen type I, in final differentiation while the increasing rate in molecules of collagen type II and IX causes differentiation to the cartilage cells and in differentiation of mesenchymal cells towards fat cells (adipocytes), the rate of molecules aP2, Adipsin 4, Leptin and lipoprotein lipase is increased [36] .
In a study conducted by Shiota et al., mesenchymal cells have been cultured after being separated from bone marrow and isolated from hematopoietic cells in the laboratory and after the first culture in adhesive state, their mesenchymal cells have been cultured in non-adhesive conditions in order to form sphere-like structures called "sphere". Under such circumstances, necetin indicator is stated clearly and finally, these spheres are crushed in order to create single cells. These spheres were cultured in adhesive condition and observed that mesenchymal cells showed markers of neural cells, muscular cells and heart beating cells [37] .
Immune escape of mesenchymal stem cells
Various studies have shown that mesenchymal cells do not create noticeable immune response in allogeneic lymphocytes.
The mechanism of this phenomenon, i.e. how this phenomenon is occurred, has not been fully identified. However, mesenchymal stem cells, lacking MHC class II, have been identified and approved properly [38] . Of course, Le Blanc showed that these cells state MHC molecule class II as intercellular bases and if it is inducted with cytokine IFN gamma, it will update on its surface. It is interesting to know that the cells, which have faced with IFN gamma, they do not create immune response in allogeneic lymphocytes like other MHC cells (positive class I) and (negative class II). This issue shows the important and basic role of IFN (interferon) gamma in the inhibition of MSCs-mediated immune response [39] .
The studies consistent with this finding have shown that adding antibody against interferon gamma receptor to the culture medium prevent inhibition of immune response by the mesenchymal cells on T, CD4+ and CD8+ cells and even natural killer cells [40] (Figure 1) . Even, another study has shown that cells expressing MHC class II are not able to stimulate the immune system.
Culturing T cells with mesenchymals although increases expression of MHC class II molecules on surface of these cells with the secretion of interferon gamma, they will not be able to create immune response due to the lack of auxiliary molecules on surface of these cells. These data show that inaccessibility to mesenchymal stem cells and lack of their identification by the immune cells depends on a factor other than MHC. Natural killer cells activate this route using spontaneous production of gamma interferon while activated DCs are exposed to the inhibitory effect of mesenchymal using prostaglandin pathway (E2) and perhaps other unknown pathways [40] .
Lack of emergence of immune response by T cells against mesenchymal cells does not depend on expression of auxiliary molecules (B7-2) CD86 & (B7-
The rats, which have induced with mesenchymal cells expressing erythropoietin and incompatible hormone in terms of MHC, did not show any enhanced increase in hematocrit.
The rate of active immune cells, such as natural killer cells, CD8+ T cells, and cytotoxic T cells, has been increased in the samples receiving mesenchymal cells in comparison with the control group [41] .
In another study, differentiated mesenchymal cells to the bone cells were grafted to a different rabbit in terms of MHC molecule and showed that these differentiated cells do not stimulate immune system despite presence of Class II MHC molecule. It should be noted that these data are consistent with the laboratory studies which have proven non-immunogenic of mesenchymal cells. The rate of expression of MHC antigens in mesenchymal cells can create a tolerance to the immune response to the mesenchymal stem cells. It seems that even mesenchymal cells, which lack Class 1 MHC antigen, are not able to stimulate immune system and then, they are not considered as immunogenic. Moreover, blocking receptors with monoclonal antibodies show the involvement of receptors such as NKp30, NKG2D and DNAM-1 except NKp44. It is amazing to know that inhibiting Class 1 HLA antigens does not increase activity of lytic which is due to the less and mid presence of these molecules on the surface of mesenchymal cells [43] .
Transplanting Mesenchymal Stem Cell with Treatment Aim
One of the most important applications of mesenchymal stem cells is to treat diseases. Of course, low and very low amount of these cells in resources such as bone marrow is one of the important problems of using mesenchymal stem cell. So, culturing and developing them in vitro (laboratory medium) and enhancing number of these cells are one of the major concerns of experts with regard to mesenchymal cells. As a matter of fact, using bioreactors, which provide culture of these cells to a great number, has been suggested to develop mesenchymal stem cells in the laboratory medium, so that number of these cells has been increased in vitro conditions during 8 days up to 29 fold more than that of its initial rate.
Since these cells are required in high number in most clinical cases, using bioreactors can be considered as one of the best strategies for their development [44] .
Although most attentions of mesenchymal cells transplantation have been concentrated on Graft Versus Host disease (GVHD), the use of allogeneic mesenchymal stem cells has been reported in treatment of diseases treated through grafting body organ such as Hurler's Syndrome (mycopoly sacharidozir of IH type) and Metachromatic Leukodystrophy (MLD) as well. These injections are immune and initial observations have shown improvements in these patients [5] .
Other studies, made by Horwitz, et al. have shown the positive role of mesenchymal cells in treatment of patients with Osteogenesis Imperfecta which is a type of genetic disease in collagen Type 1 [45] .
First phase clinical study has been designed and conducted to use mesenchymal stem cells on 15 patients to study efficiency, isolation and proliferation of these cells in vitro and their transfer through vessel. The patients in three five-member groups received 1, 10 and 50 million mesenchymal stem cells respectively and any reaction and implication was not observed among these patients. These injected cells are seen through vessel for a period in blood circulation. Of course, Koc et al. traced mesenchymal stem cells in the early hours after injection [46] .
After injection, these cells adopt certain places in different tissues. The potential of remaining mesenchymal stem cells in bone, in intravenous transplantation of these cells, have been shown in infant with Osteogenic Imperfecta and one patient with aplastic anemia.
Following allogeneic transplantation of stem cells has been shown that all cells of the hematopoietic system and immune cells represent the source. Chemotherapy with high dose before autologous transplantation or allogeneic mesenchymal stem cells has caused destruction of bone marrow stromal tissue and has reduced its restoration process. This stromal destruction can create interference in retention of blooding after transplantation which reconstruction of stromal, using transplanted mesenchymal stem cells, may prevent this activity.
In the first study conducted to find whether mesenchymal stem cells increase or decrease retention of transplantation in autologous transplantations of stem cells, mesenchymal stem cells were isolated and cultured from patients with breast cancer who were supposed to receive cell through injection. For this purpose, 28 patients received 1 to 2 million mesenchymal stem cells through vessel and no toxicity was observed and blood-making improvement was accelerated. The results of this immune study have paved suitable way for further studies.
Mesenchymal stem cells express high levels of aryl sulfatase Idoronidasae, in which, defect in first molecule caused MLD while defect in the second molecule caused Hurler's disease. The mesenchymal isolated from donor was injected through vessel to the patients with MLD and Hurler's disease which has received cell previously. This injection showed the signs apparent improvement in nerve conduction velocity among four patients out of 5 with MLD. In another study, a 20-year-old female with chronic myeloid leukemia received mesenchymal stem cells, derived from her father's blood which was identical in terms of Haplotype (HLA) and this patient received transplantation very rapidly. Moreover, this patient did not show even acute and chronic GVHD. Her general conditions became well up to 31 months after transplantation and did not face any problem in this respect. Of course, it should be [ noted that this patient was a remarkable and unique sample with acceptable results that has been reported. It is interesting to know that using identical transplantation in terms of hallotype, which T cells has not been removed from them; the danger of symptoms of GVHD and even rejection of graft is very high. In a study, eyecatching and stunning results were observed in a male patient who received GVHD Grade 4 against intestine and liver after transplantation of allogeneic stem cells taken from a female patient who was consistent in terms of HLA, A, B, and DR [47] . The studies, conducted on the effect of mesenchymal stem cells in Experimental Autoimmune Encephalomyelitis (EAE) of Multiple Sclerosis (MS) disease, showed that in this EAE model, peripheral lymphoid organs of this disease is adjusted through injection of mesenchymal stem cells with induction of toleration of T cells [48] .
Further studies in this field showed that intravenous injection of mesenchymal stem cells in this model inhibits response of pathogenic B cells [49] .
As a matter of fact, MS disease and its EAE model is indentified with removal of myelin membrane of nerve cells by activated immune cells, i.e. T and B cells, macrophages, and secretion of mesenchymal cells.
Mesenchymal stem cells prevent these injuries using two ways: 1) with inhibition of immune cells, 2) with the positive impact which exerts on neurons and astrocytes cells in terms of Trophic. These two ways play a leading role in inhibition of this disease [42] (Figure 2 ). 
Conclusion
Immunosuppression activities and multipotent properties of MSCs have make them a proper candidate for cell therapy, but application of them in clinical therapy have been faced with serious problems due to the less engraftment and limited homing capacity of MSCs along with heterogeneity and dire need to the xenogeneic complement factors like FBS for proliferation of these cells. The strategies and researches are done in this regard in order to manipulate of MSCs and create optimal conditions to use these cells with the omission of serum from their culture medium and proliferation in great number using genetic engineering technology, bioreactors and looking for other accessible resources for isolation of MSCs.
